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Summary  Patients  in  an  intensive  care  unit  (ICU)  may  risk  disruption  of  their  circadian  rhythm.
In an  intervention  research  project  a  cycled  lighting  system  was  set  up  in  an  ICU  room  to  support
patients’ circadian  rhythm.  Part  I  aimed  to  compare  experiences  of  the  lighting  environment
in two  rooms  with  different  lighting  environments  by  lighting  experiences  questionnaire.  The
results indicated  differences  in  advantage  for  the  patients  in  the  intervention  room  (n  =  48),  in
perception  of  daytime  brightness  (p  =  0.004).  In  nighttime,  greater  lighting  variation  (p  =  0.005)
was found  in  the  ordinary  room  (n  =  52).  Part  II  aimed  to  describe  experiences  of  lighting  in
the room  equipped  with  the  cycled  lighting  environment.  Patients  (n  =  19)  were  interviewed
and the  results  were  presented  in  categories:  ‘‘A  dynamic  lighting  environment’’,  ‘‘Impact  of
lighting on  patients’  sleep’’,  ‘‘The  impact  of  lighting/lights  on  circadian  rhythm’’  and  ‘‘The
lighting calms’’.  Most  had  experiences  from  sleep  disorders  and  half  had  nightmares/sights
and circadian  rhythm  disruption.  Nearly  all  were  pleased  with  the  cycled  lighting  environment,
which together  with  daylight  supported  their  circadian  rhythm.  In  night’s  actual  lighting  levels
helped patients  and  staff  to  connect  which  engendered  feelings  of  calm.
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Implications  for  Clinical  Practice
•  Most  patients  are  aware  of  the  lighting  environment,  indi
preferences.
•  Light  and  lighting  which  follow  a  natural  rhythm  support  pa
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S•  Lighting  experiences  are  highly  individual.  Light  at  nigh
ackground
his  study  focuses  on  patients’  experiences  and  reports  of
eing  cared  for  in  an  intensive  care  unit  (ICU)  patient  room,
rovided  with  a  cycled  lighting  intervention  that  aims  to
upport  the  patients’  circadian  rhythm  and  health.  The  cir-
adian  rhythm  is  constituted  of  regular  day  and  night  over
pproximately  24  hours  and  light  and  darkness  is  important
or  the  human  health  in  supporting  the  body’s  circadian
hythm  (Gaggioni  et  al.,  2014;  LeGates  et  al.,  2014).  As  early
s  1912  Nightingale  described  light  and  the  rhythm  of  night
nd  day  as  two  important  factors  in  supporting  and  restoring
atient  health.  Sleep  and  wakefulness  is  the  most  obvi-
us  circadian  rhythm  in  humans  (Germain  and  Kupfer,  2008)
nd  both  states  have  been  described  as  basic  human  needs
y  Henderson  (1966).  The  circadian  rhythms  are  driven
y  the  circadian  pacemaker  in  the  anterior  hypothalamus
hich  functions  as  the  person’s  inner  clock  (Saper  et  al.,
004).  Exogenous  stimuli  such  as  light  are  able  to  set  the
ircadian  rhythm  in  motion  (Veitch  et  al.,  2004).  Further-
ore,  light  stimulates  the  immune  system  by  regulating  the
ineal  neurohormone  melatonin  (Maestroni,  2001),  it  initi-
tes  the  absorption  of  Vitamin  D  (Mason  et  al.,  2011)  and  has
een  reported  to  reduce  the  number  of  days  in  hospital  for
atients  with  bipolar  depression  (Benedetti  et  al.,  2001).
It  is  also  important  to  emphasise  that  light,  circadian
hythm  and  sleep  are  interrelated  and  interdependent  (Dijk
nd  Archer,  2009).  The  presence  of  nighttime  light  sup-
resses  the  melatonin  level,  which  is  normally  highest  at
ight  (Duffy  and  Wright,  2005).  The  level  of  melatonin  is
idely  accepted  as  an  indicator  for  the  circadian  rhythm
Benloucif  et  al.,  2005).  There  are  indications  that  the
onstant  variations  in  circadian  rhythms,  due  to  the  chang-
ng  hormone  levels,  experienced  by  night  workers  have
ncreased  the  risk  of  cancer,  as  well  as  infectious  and  autoim-
une  diseases  (Lockley  et  al.,  2003).
ritically  illness,  light  and  circadian  rhythm
s  the  most  critically  ill  and  vulnerable  patients  are  cared
or  in  the  ICU  it  is  most  important  for  their  survival  and
ealth  that  the  environment  supports  patient  restorative
rocesses.  Unfortunately  the  ordinary  indoor  light  environ-
ent  in  ICUs  does  not  always  support  patients’  circadian
hythms.  Lighting  is  sometimes  used  at  high  levels  at  night,
uring  treatments,  examinations  and  nursing  activities  and
his  may  risk  disrupting  the  circadian  rhythm  (Dunn  et  al.,
010).  Mean  illumination  levels  measured  in  four  differ-
nt  ICUs  ranged  at  night  from  2.4  to  145  lx  and  in  the
ay  from  55.3  to  165  lx  (Dennis  et  al.,  2010;  Frisk  et  al.,
004;  Meriläinen  et  al.,  2010;  Verceles  et  al.,  2012).  These
T
r
iM.  Engwall  et  al.
cating  the  importance  of  adapting  lighting  to  patients’
tients’  circadian  rhythm.
n  be  both  disturbing  and  provide  a  feeling  of  security.
easurements  highlight  two  main  problems,  a  pattern  of
ow  illumination  levels  by  day  and  high  levels  by  night.
The  ICU  patients’  nighttime  sleep  is  described  as  abnor-
al  and  fragmented  with  reduced  periods  of  REM  sleep
Elliott  et  al.,  2013).  Light  in  the  night  is  one  known  fac-
or  for  sleep  disruption  when  it  impairs  melatonin  secretion
Kamdar  et  al.,  2012).  Circadian  rhythms  are  temporally
isturbed  in  most  ICU  patients;  some  develop  temporal
isorganisation  and  the  circadian  pacemaker  may  become
ffectively  free-running  (Frisk  et  al.,  2004;  Gehlbach  et  al.,
012;  Perras  et  al.,  2007).  Furthermore,  sleep  deprivation
s  one  important  risk  factor  for  ICU  delirium  (Girard  et  al.,
008).  Patients’  vulnerability  increases  with  lack  of  sleep
nd  are  characterised  by  increased  sensitivity  to  light,  noise
nd  activity  (McKinley  et  al.,  2002).  The  health,  wellbeing
nd  recovery  of  patients  are  dependent  upon  their  ability
o  get  a  normal  sleep  and  circadian  rhythm.  Most  research
nto  light  environments  affecting  the  circadian  rhythm  in
n  ICU  context  has  been  done  with  infants  (Engwall  et  al.,
014;  Morag  and  Ohlsson,  2011).  Based  on  the  knowledge
oncerning  light  and  its  importance  to  the  circadian  rhythm
t  would  seem  important  to  measure  and  then  evaluate  and
eport  patients’  experiences.
ims
his  study  consisted  of  two  parts:  in  Part  I,  the  aim  was
o  evaluate  and  compare  patients’  experiences  of  light-
ng  environments  in  two  ICU  rooms  with  different  lighting
nvironments;  in  Part  II,  the  aim  was  to  describe  patients’
xperiences  of  an  ICU  room  equipped  with  a  cycled  lighting
nvironment.
ethod
his  study  was  a  part  of  a  larger  study  concerning  patient
xperiences  of  the  ICU  environment  with  regard  to  sleep,
est  and  circadian  rhythms  (Engwall  et  al.,  2014;  Johansson
t  al.,  2012).  Part  I  was  a  comparative,  descriptive  study
hich  included  data  from  a  questionnaire  used  to  compare
wo  patient  groups,  one  exposed  to  a  cycled  lighting  sys-
em  and  the  other  to  an  ordinary  lighting  system.  Part  II
ad  an  explorative  and  descriptive  design  based  on  data
erived  from  nineteen  interviews,  subjected  to  qualitative
nd  quantitative  content  analysis  (Krippendorff,  2004).
ettinghe  study  was  conducted  in  an  eight-bed  general  ICU  in  a
egional  hospital  in  Sweden  in  which  a  new  cycled  light-
ng  intervention  designed  to  promote  circadian  rhythm  and
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Table  1  Schedule  concerning  14  different  light  scenes  in
periods  and  illumination  levels  in  the  intervention  room.
Illumination  level  in  lux  measured  in  January  2012.
Light  scenes
in  the
intervention
room
Time  Illumination  levels  in
lux  in  horizontal
plane  at  the  patients
head  in  January  2012,
intervention  room
1  7—8  am  58
2 8—10  am  615
3 10—10.30  am 450
4 10.30  am—1pm 330
5 1—3  pm 210
6 3—5  pm  450
7 5—6  pm  330
8 6—7  pm  210
9 7—8  pm  81
10 8—8.45  pm  58
11 8.45—9  pm  30
12 9  —9.15  pm  12
13 9.15—9.30  pm  8
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health  was  installed  and  used  in  a  modiﬁed  two-bed  patient
room  (intervention  room).  An  identical  two-bed  patient
room  was  left  untouched  for  comparison  (ordinary  room).
In  the  intervention  room,  a  cycled  lighting  system  was
developed  in  cooperation  with  an  expert  in  environmen-
tal  psychology  and  lighting  engineers.  The  lighting  system
aimed  to  simulate  natural  light  regarding  localisation,
brightness  and  colours  of  light,  worked  in  14  different  light
scenes  that  were  all  controlled  automatically  by  software
round  the  clock.  The  light  sources  were  located  at  ﬂoor  level
and  on  walls  and  a  light  ﬁtment  providing  indirect  light  hung
down  45  cm  from  the  ceiling,  shining  upward  in  order  not  to
blind  the  patient.  The  colour  of  light  varied  in  two  differ-
ent  tubes  (2700  K  and  6500  K)  shining  from  the  light  ﬁtment.
The  day  lighting  lasted  from  07.00  to  19.00  hours.  In  the
morning,  a  warm,  low-level  light  started  the  day  and  with
a  continued  brighter  morning  period  that  aimed  to  wake
and  alert  the  patients.  At  noon  the  levels  became  lower
and  daylight  shone  through  the  windows.  In  the  afternoon
the  lighting  levels  were  higher  again  and  in  the  evening  the
same  warm  colour  and  low-level  lighting  as  in  the  morning
was  repeated.  By  night,  light  levels  were  even  lower  and
Table  2  Light  settings  in  illumination  levels  in  the  ordinary
room.  Illumination  level  in  lux  measured  in  January  2012.
Different  light
sources  in
comparison  room
Illumination  levels  in  lux
in horizontal  plane  at  the
patients  head  in  January
2012,  comparison  room
Lightings  at  wall  147
Lightings  in  ceiling
and  walls
810
Night  lamps  0.7
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nly  the  light  sources  near  the  ﬂoor  were  used.  The  staff
hen  used  localised  lighting  for  work  when  necessary.  In  the
wo-bed  ordinary  room  which  was  used  as  a control  the  light
ources  had  been  installed  in  1992  and  the  staff  switched
he  light  on  and  off  manually  according  to  their  own  and
he  patients’  preferences.  Both  rooms  featured  north-facing
indows  which  let  in  daylight  and  provided  a  view  of  a  grassy
lope  as  well  as  a small  glimpse  of  the  sky.  Light  levels  were
easured  at  each  light  setting  in  the  intervention  room  and
t  each  light  source  in  the  ordinary  room  (Tables  1  and  2,
ngwall  et  al.,  2014).
articipants and procedure
atients,  who  were  admitted  to  the  ICU,  were  assigned  to
ne  of  the  two  rooms  according  to  patient  ﬂow.  If  beds
n  both  rooms  were  available,  patients  were  assigned  ran-
omly.  In  some  cases,  the  patient’s  health  condition  and
pecial  needs  as  well  as  the  number  of  staff  determined
hich  room  the  patient  was  allocated  to  (Fig.  1).
Inclusion  criteria  for  completing  the  questionnaire  (Part
)  were  competence  in  the  Swedish  language  and  a  stable
ealth  condition.  Exclusion  criteria  were  the  presence  of
sychosis,  dementia,  blindness,  heavy  brain  injuries  or  test-
ng  positive  on  Confusion  Assessment  Method  for  the  ICU
CAM-ICU).  Demographic  data  is  presented  in  Table  3.
Inclusion  criteria  for  participating  in  the  interview  study
Part  II)  were  placement  in  the  intervention  room  for  at  least
wo  nights,  competence  in  the  Swedish  language,  ability  to
emember  the  previous  nights  and  being  healthy  enough  to
ope  with  an  interview.  Exclusion  criteria  were  the  same  as
escribed  above.  The  ﬁrst  author  visited  the  patients  in  the
CU  or  shortly  after  discharge  in  the  general  ward.  Patients
ealthy  enough  to  cope  with  an  interview  were  asked  to
articipate.  A  total  of  19  patients  took  part;  two  declined
articipation  (Table  4).  Twelve  of  the  19  patients  both  par-
icipated  in  the  interviews  and  answered  the  questionnaire.
even  of  the  19  patients  were  only  able  to  participate  in  the
nterviews,  conducted  after  discharge  from  the  ICU.  Their
oor  health  situation  prevented  them  from  completing  the
uestionnaire  (Fig.  1).
During  the  period  of  data  collection  a  protocol  was  com-
leted,  including  all  patients  admitted  to  one  of  the  two-bed
ooms.  Excluded  and  included  patients,  demographics,  type
f  data  collection,  place  and  period  of  care,  deaths,  con-
ent  and  discharge  were  all  noted.  There  were  signiﬁcant
ifferences  (Table  5)  between  patients  included  in  the  study
nd  those  who  were  excluded  in  relation  to  Simpliﬁed  Acute
hysiology  Score  (SAPS)  and  numbers  of  mechanically  venti-
ated  patients.
ata collection
art  I  comprises  data  collected  by  means  of  a  writ-
en  questionnaire,  developed  by  environmental  psychology
esearchers  (Küller  and  Laike,  1998;  Küller  and  Wetterberg,
993).  It  consists  of  17  dichotomous,  semantic,  seven-grade
cales  and  when  using  different  adjectives  it  focuses  on
xperiences  of  lighting  environments.  An  example  of  an  item
rom  the  questionnaire  is  showed  in  Fig.  2.
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at the ICU, from August  2012  to May 2014 .
Missed du e to nights,  weeken ds an d holiday s 
(n=99).
Excluded d ue to inclusions criterias  (n= 60).
Dea ths (n=12).
No signed a greement  (n= 7).
in part II.
7
12
Figure  1  Flowchart  of  patient  selection,  Parts  I  and  II.
Table  3  Demographic  data  (numbers  of  patients,  age,  sex,  SAPS  and  mechanically  ventilation)  and  comparisons  between
patients in  the  intervention  and  the  ordinary  room,  in  the  day  and  night,  Part  I.
Patients  in  the
intervention
group,  day
Patients  in
the  ordinary
group,  day
p-Value,
day,  t-test.
Signiﬁcant
value,  <0.05
Patients  in  the
intervention
group,  night
Patients  in  the
ordinary  group,
night
p-Value,  night,
t-test.  Signiﬁcant
value,  <0.05
n  45  50  17  13
Age in  year,  mean  60  62  0.491  63  64  0.844
Gender ratio,
men  (n)
24  25  0.838  12  10  1.000
SAPS score,  mean  51.07  47.74  0.345  52.47  53.46  0.819
Mechanically
ventilated (n)a
25  23  0.413  10  6  0.713
a Number of patients using invasive or noninvasive ventilation.
The  questionnaire  was  used  to  compare  patients’  experi-
ence  of  the  light  environment  in  the  intervention  with  that
in  the  ordinary  room.  Reliability  was  tested  and  revealed
four  orthogonal  components  named;  hedonic  tone,  bright-
ness,  variation  and  ﬂicker.  The  questionnaire  has  previously
been  used  in  research  with  healthy  people  (Küller  and  Laike,
1998).
The  assessment  of  the  light  environment  was  performed
in  the  patient’s  room  at  the  end  of  their  stay  in  the  ICU  or
when  they  were  able  to  participate.  The  questionnaire  was
administered  by  nursing  or  research  staff  and  completed  by
Table  4  Demographic  data  (number  of  patients,  sex  and
age, mechanically  ventilated),  Part  II.
Patients  in  the
intervention  room
n  19
Age in  year,  mean  65
Gender  ratio,  men  (n)  13
Mechanically  ventilated  (n)a 16
a Number of patients using invasive or noninvasive ventilation.
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whe  patients.  Sometimes  the  patients  were  helped  with  the
riting.  The  questionnaire  took  about  ﬁve  to  ten  minutes  to
omplete.  The  data  were  collected  from  August  2012  until
ay  2014.
In  Part  II,  semi-structured  interviews  supported  by  an
nterview  guide  were  used  to  gain  a  deeper  understanding
f  the  patients’  experience  of  the  light  environment  and
ircadian  rhythm  (Fig.  3).  Interviews  were  conducted  imme-
iately  prior  to  or  after  patients’  discharge  from  the  ICU
o  the  general  ward  and  varied  in  length  from  ﬁve  to  forty
inutes  depending  on  the  patients’  experiences  and  health.
he  interviews  were  recorded  and  transcribed.  Only  patients
rom  the  intervention  room  were  included  in  the  analysis  as
he  researchers’  were  interested  in  patient  experiences  of
he  cycled  lighting  environment.  These  interviews  were  con-
ucted  in  January  2013  and  from  September  2013  until  April
014.  The  patients  were  drawn  from  the  dataset  (n  =  194)
nd  (n  =  100)  based  on  inclusion  criteria  (Fig.  1).nalysis
art  I  shows  scores  and  mean  values  for  every  factor  which
ere  statistically  analysed  (IBM  software® SPSS  21)  using
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Table  5  Demographic  data  (numbers  of  patients,  age,  sex,  Simpliﬁed  Acute  Physiology  Score  (SAPS)  and  mechanical  ventilation)
comparisons between  included  and  excluded  patients,  Part  I.
Patients  in  the
inclusion  group
Patients  in  the
excluded  group
p-Value,  t-test.
Signiﬁcant  value,  <0.05
n  100  281
Age in  year,  mean  61  60  0.431
Gender ratio,  men  (n)  52  168  0.195
SAPS score,  mean 49.40 55.19 0.011
Mechanically  ventilated  (n)a 50  193  0.001
a Number of patients using invasive or noninvasive ventilation.
How do  you  experie nce th e light  in  this  room ? 
Select by ticking  the  follo wing  scale:  
Dark  Light
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day  in  the  period  of  data  collection  one  of  the  researchersFigure  2  An  example  of  an  item  from  the  questionnaire,  Part
I.
the  Mann—Whitney  test  to  compare  patients’  lighting  expe-
riences  between  the  two  rooms,  both  by  day  and  at  night.
The  interview  data  in  Part  II,  were  subjected  to  both
quantitative  (Krippendorff,  2004)  and  qualitative  conven-
tional  (Hsieh  and  Shannon,  2005)  content  analysis,  focusing
on  the  text’s  subjective  content.
The  transcripts  were  read  several  times;  wholeness  was
sought  and  meaningful  concepts  noted.  Codes  were  created
which  described  small  parts  of  the  content  of  the  interviews.
The  codes  were  then  assembled  in  one  document  and  by
identifying  and  comparing  similarities  in  the  codes  they  were
put  into  different  clusters  linked  to  each  other  by  content.
These  clusters  formed  subcategories  which  described  sim-
ilar  content  and  were  then  organised  into  categories.  This
process  was  created  inductively  and  kept  close  to  the  trans-
cripts  to  ensure  credibility.  There  was  a  quantifying  part
w
a
p
1. How have you been sleeping in this room durin
2. How has  it been for  you t o fall asleep? 
3. Have you  been afraid to go t o sleep? 
4. Have you  woken up  during the  night? 
5. What or who woke you up? 
6. Do you remember anything that happened dur
7. What f eelin g do  you get when you t hink  of the  
8. Have you  had any  dreams  or  visions?. 
9. What help  did you  get t o sleep? 
10. Did you sleep here in the room during the day?
11. What was s leep du ring  the  day li ke? 
12. Did you feel rested during the day?
13. How do  you sleep  at  home? 
14. How have  you kept track  of  the time  during  the 
15. How have  you been  able t o keep track  of the  m 
16. How have  you dis tinguished be tween  day /nigh 
17. What time  of day  is  it  now? 
18. What do /di d you think about the  lig hting in the  
19. Did the light vary during the day? If yes, descr
20. What did you think of the brightness at night? 
21. Was it light enough for you to feel s afe during  
Figure  3  Semi-structured  inten  the  analysis  process  as  ﬁve  questions  in  the  interview
uide  could  be  answered  with  yes  or  no.  These  results  are
resented  separately.
thical considerations
thical  approval  was  given  by  the  Regional  University  Ethics
esearch  Committee  (no  695-10).  The  Helsinki  declaration
f  Ethical  Principles  for  Medical  Research  involving  human
ubjects  guided  the  study  (World  Medical  Association,  2013).
atients  received  both  verbal  and  written  information  and
ere  informed  of  their  rights  as  voluntary  participants  prior
o  providing  written  consent  to  participation  in  the  study.
atients  were  asked  to  participate  when  their  health  situ-
tion  was  stable:  at  the  beginning,  middle  or  end  of  their
tay.  Researchers  evaluated  the  patients’  ability  to  partic-
pate  regarding  their  health  situation  in  collaboration  with
he  ICU  head  and  the  allocated  nurse.  Patients  were  treated
ensitively  and  the  data  collection  was  ended  if  patients
ere  unable  to  complete  questionnaires  or  interviews.  Everyas  responsible  for  the  process  at  the  ICU.  Patients  were
dmitted  to  the  ICU  around  the  clock  and  were  asked  to
articipate  as  soon  as  it  was  possible.
g the nights here in the ICU? 
ing the nights here in the ICU? 
nights here  in  the ICU? 
 
 day? 
orning, after noon, evening  and  nigh t? 
t? 
room? 
ibe how.
Did the light disturb your sleep? 
the night?
rview  guide  used  in  Part  II.
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Table  6  Patients’  assessment  of  the  light  environment,  Part  I.
Factor  Intervention
room,  day
Ordinary  room,
day
Mann—Whitney-
test
Intervention
room,  night
Ordinary
room,  night
Mann—Whitney-
test
Mean Mean  p-Values
signiﬁcant
p-value,  <0.05
Mean  Mean  p-Values
signiﬁcant
p-value,  <0.05
Hedonic  tone  5.18  4.94  0.280  5.28  5.01  0.166
Brightness 4.75 4.07 0.004  3.84  3.73  0.619
Variation 3.95 4.00 0.564 3.50  4.58  0.005
Colour 3.65 3.22 0.325 3.40 3.64  0.753
Flicker 2.26  1.94  0.415  2.15  2.55  0.128
Table  7  Patients’  experiences  of  sleep,  nightmares/visions,  circadian  rhythm  and  pleased  with  the  cycled  lighting  environment,
Part II.
Participants Slept  badly
in  the  ICU
Slept  badly
at  home
Experiences  of
nightmares  or/and
illusions
Experiences  of
disturbed  circadian
rhythm
Pleased  with  the
cycled  lighting
environment
N  =  19 11/18a 4/17b 9/19  9/19  16/17b
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b Two patients missing.
esults
he  results  from  the  questionnaire  (Part  I)  are  presented  in
ext  and  in  Table  6.
ighting  experiences,  Part  I
he  questionnaire  involved  100  patients  (Fig.  1)  cared  for  in
ne  of  the  two  rooms  who  completed  a  total  of  95  assess-
ents  in  the  daytime  and  30  at  night;  i.e.  25  patients
ompleted  assessments  for  both  day  and  night.  A  signiﬁ-
ant  difference  was  found  between  lighting  environments
n  the  two  rooms’  for  brightness  (p  =  0.004)  in  the  day  time,
avouring  the  intervention  room.  There  was  a  signiﬁcant  dif-
erence  (p  =  0.005)  for  variation  between  the  two  rooms  at
ight,  indicating  greater  lighting  variation  in  the  ordinary
oom  (Table  4).
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Table  8  Patients’  experiences  of  lighting/light  in  the  interventio
A  dynamic  lighting  environment  Impact  of  lighting
on  patients’  sleep
Pleasant  and  healthy
lightings
Both  poor  and  good  night
time  sleep
Acceptable lighting
levels  at  nights
Levels  affecting  sleep  
Variations in  the  lighting
round  the  clockighting  experiences,  Part  II
hen  analysing  the  interviews,  ﬁve  questions  from  the  inter-
iew  guide  could  be  answered  with  yes  or  no.  The  result
ndicated  that  nearly  all  the  patients  were  pleased  with
he  lighting  environment  in  the  intervention  room.  They
lept  worse  in  the  ICU  than  at  home.  Nearly  all  those  who
xperienced  disrupted  circadian  rhythm  also  had  nightmares
Table  7).
The  analysis  of  the  interviews  is  presented  in  text  in
he  following  main  categories  (headings)  and  subcategories
underlined)  (Table  8). dynamic  lighting  environment
his  category  describes  experiences  such  as  pleasantness,
evels  of  lightings  and  variation.  Most,  but  not  all,  of  the
atients  could  talk  about  their  memories  and  experiences  of
n  room  presented  in  categories  and  subcategories,  Part  II.
The  impact  of
lighting/lights  impact  on
the circadian  rhythm
The  lighting  calms
Diverse  perceptions  of
the  regularity  of  day  and
night
Anxiety  and  searching
for  security
Disturbing  impact  Severe  anxiety  replaced
by  calm
Supporting  impact  The  lighting  clarity
created  security
in  th
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the  lighting  and  the  daylight,  both  in  the  day  and  at  night;
others  had  only  sporadic  memories.
Patients  who  recalled  the  light  environment  generally
talked  about  a  pleasant  and  healthy  lighting environment,
as  one  patient  said:
‘‘It was  nice,  it  was  not  sharp  and  it  was  a  pleasant  light’’
No  23.
The  lighting  affected  their  wellbeing  and  health  posi-
tively.  The  clear  morning  light  was  important  as  it  increased
alertness  and  affected  their  mood  in  a  good  way.  Lighting
was  sometimes  taken  for  granted  and  the  patients  had  not
always  reﬂected  on  it  during  their  stay  in  the  ICU  but  they
were  able  to  compare  it  with  another  lighting  environments
e.g.  often  the  lighting  environment  at  home  but  also  that  on
other  hospital  wards,  including  the  one  where  the  interview
was  performed.  One  patient  said:
‘‘It  you  think  back,  it  is  much  more  uplifting  to  be  in  that
light  (at  the  ICU)  than  this  (on  a  general  ward).’’  No  8.
Several  patients  recalled  that  there  were
acceptable  lighting  levels  at  night.  It  was  not  completely
dark  but  more  like  twilight.  Most  did  not  experience  the
light  levels  at  night  as  disturbing  although  they  were  aware
that  the  light  was  brighter  than  at  home.  One  patient  said:
‘‘It  is  obvious  that  it  was  quite  a  bright  light  but  we  do  not
have  complete  darkness  where  we  sleep  either. .  .it does
not  hurt  me  to  sleep  in  half-bright  light,  so  to  speak’’.
No  14.
Lighting  levels  were  assessed  as  acceptable.  There  were
patients  who  wanted  brighter  surroundings.  Some  assessed
the  lighting  levels  as  almost  too  high  but  they  understood
that  the  levels  were  a  compromise.  The  room  in  the  ICU
was  not  only  a  place  for  patients;  it  was  also  a  place  of
work  for  staff  and  the  patients’  demands  concerning  lighting
levels  that  were  not  the  only  important  issue.  As  one  patient
expressed  it:
‘‘It  could  have  been  darker,  but  the  staff  must  be  able  to
work  there  too’’.  No  9b.
Experiences  of  variations  in  the  lighting  round  the  clock
were  also  described.  There  were  different  opinions  about
whether  the  lighting  varied  between  day  and  night  and
during  the  day.  Some  of  the  patients  experienced  clear  dif-
ferences  in  the  lighting  between  day  and  night.  They  also
noticed  that  the  light  was  dimmed  during  the  evening  and
became  darker  at  night.  The  variations  in  lighting  during
the  day  were  harder  to  detect.  A  few  reported  a  vague  feel-
ing  about  changes  in  lighting  levels  and  colour  during  the
day.  The  transitions  between  the  different  light  scenes  were
soft  and  un-disturbing.  Most  did  not  notice  the  transitions
but  instead  thought  that  the  lighting  followed  the  daylight
outside  the  windows.  One  said:‘‘Yes  it  has  varied  dependent  on  how  it  was  outside,  I
have  noticed  that  at  7  (pm)  when  it  started  to  get  dark
outside,  at  the  same  time  it  got  darker  inside  too,  it  was
probably  some  kind  of  combination’’.  No  23.
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mpact  of  lighting  on  patients’  sleep
his  category  describes’  experiences  of  sleep  and  how  light
s  related  to  sleep.  Patients  emphasised  the  importance  of
leep,  for  recovering  and  regaining  health.
Both  poor  and  good  night  time  sleep  was  experienced.
atients  who  reported  poor  sleep  quality  mentioned  difﬁ-
ulties  getting  to  sleep,  nights  with  no  sleep  at  all  or  nights
ith  frequent  wakenings  and  with  fragmented  sleep.
‘‘Bad,  I have  only  slept  for  periods  of  30  to  45  minutes,
then  I  was  woken  up.  It  has  not  been  an  even  sleep,  one
of  the  longest  nights  for  ages’’.  No  26.
Others  felt  they  slept  well:
‘‘Yes  relatively  well,  I have  to  say.  No  27.
Lighting  levels  affected  their  sleep  but  the  patients  had
ifferent  opinions  about  the  lighting  levels  in  relation  to
leep.  Some  of  them  wanted  it  darker  while  a  few  wanted  it
righter.  Most  felt  that  the  lighting  levels  were  appropriate.
t  was  not  so  bright  that  it  was  disturbing  but  bright  enough
o  orientate  themselves  in  the  room.  One  said:
‘‘.  . .it was  good  that  you  could  see  a  lot,  and  you  were
not  inside  a  dark  sack,  so  to  say’’.  No  22.
Some  patients  current  the  present  lighting  levels  to  the
bility  to  sleep.  The  lighting  could  be  one  reason  their  sleep
as  disturbed.  One  patient  sad  about  sleep:
‘‘Abysmal,  thanks  to  it  being  so  bright.’’  No  19.
Other  patients  thought  that  the  lighting  levels  were  mod-
rate  for  sleeping  in.  The  fact  that  the  patients  were  able  to
alk  about  their  experiences  and  saw  a  positive  connection
etween  sleep  and  darkness  was  clariﬁed  in  their  reﬂections
oncerning  sleep  and  rest  during  the  day.  Most  of  them  had
lept  on  and  off  during  the  day  despite  the  daylight  and  the
ighting  and  were  surprised  about  this.  As  one  expressed  it:
‘‘You  have  taken  it  easy,  even  if  the  light  was  switched
on,  you  were  so  tired  that  you  could  just  close  your  eyes
for  a  while,  then  you  fell  asleep’’.  No  23.
he  impact  of  lighting/lights  on  the  circadian  rhythm
his  category  describes  patients’  experiences  concerning
ircadian  rhythm  and  its  relationship  to  light.
The  patients  had  diverse  perceptions  of  the  regularity  of
ay  and  night. For  some  it  was  hard  to  keep  a normal  rhythm
hich  in  turn  led  to  being  confused  about  time  and  the  loss
f  the  ability  to  distinguish  between  day  and  night,  which
as  perceived  as  very  difﬁcult.  Another  interviewee  also
entioned  this  saying:
‘‘No  I  have  not  been  able  to  do  that,  for  example  in  the
night  when  they  told  me  that  the  time  was  2  am.  .  ..it
cannot  be  true,  it  is  in  the  middle  of  the  day’’.  No  6.
Others  were  completely  oriented  as  to  time  and  it  was
ompletely  natural  and  easy  for  them  to  separate  day  and
ight.  One  related  the  ability  to  separate  day  and  night  to
is  health  situation,  saying:
‘‘I  have  been  ill,  but  not  that  ill’’.  No  2.
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Lighting’s  disturbing  impact  on  the  circadian  rhythm
hen  it  was  switched  on  by  the  staff  during  the  night,  was
eported  and  expressed  as  follows:
‘‘When  the  light  was  switched  on,  I  did  not  know  (if  it  was
day  or  night)  because  it  was  basically  the  same  light’’.
No  13.
The  lighting  levels  were  considered  low  but  at  the  same
ime  brighter  than  at  home.  This  was  perceived  by  a  few  as
isturbing  the  maintaining  of  the  circadian  rhythm  and  one
aid:
‘‘It  was  a  good  lighting  environment,  without  dazzle.
Then  the  lighting  was  reduced  at  10  pm,  I  think,  but  it
did  not  help  me  (to  orientate  about  day  and  night)’’.
In  answer  to  the  question  about  what  helped  to  main-
ain  a  normal  circadian  rhythm  the  lighting  inside  and  the
aylight  supporting  impact  of  the  windows  were  mentioned.
oth  light  and  darkness  were  important  for  the  circadian
hythm.  Answering  a  question  about  how  it  had  been  possible
o  distinguish  between  day  and  night  one  patient  said:
‘‘It  is  the  light  and  everything,  the  sun  is  shining
outside.  .  .Yes  and  when  the  lights  were  turned  up  and
down  I  was  able  to  follow  (the  day  and  night),  oh  yes.  . .’’.
No  9
he  lighting  calms
his  category  describes  experiences  of  anxiety  or  security.
he  following  descriptions  show  how  the  lighting  clariﬁed
he  environment  and  how  anxiety  was  alleviated  by  light.
Patients  often  experienced
nxiety  and  searched  for  security  in  their  surroundings.
hey  pondered  more  over  their  health  situation  and  prog-
osis  at  night  and  their  thoughts  could  sometimes  result
n  feelings  of  anxiety  and  fear  of  losing  control  over  their
ituation.  One  patient  said:
‘‘Yes,  it  was  a  night,  the  second  or  the  third,  when  you
thought  that.  Then  I  had  a  lot  of  pain  and  slept  badly,
what  has  happening?  Is  this  the  way  everything  will  end?
No  14.
Others  felt  secure  in  spite  of  the  unfamiliar  environ-
ent  and  their  vulnerable  situation.  The  patients  connected
o  their  inner  security,  which  they  felt  was  independent
f  the  surrounding  environment.  The  lighting  environ-
ent  also  affected  their  possibility  of  feeling  secure  and
he  light  allowed  severe  anxiety  replaced  by  calm.  Some
atients  had  been  totally  terriﬁed  during  the  nights  but
here  were  also  those  who  felt  trust  and  had  been  calm.
n  older  patient  remembered  how  his  mother  got  the  chil-
ren  to  sleep  in  the  evening,  by  leaving  the  lights  switched
n.  Severe  anxiety  was  alleviated  by  light  during  the  night.
During  the  most  worrying  period,  a  bedside  lamp  could
e  used.  This  contributed  to  feelings  of  calmness,  as  one
atient  said:
‘‘.  .  .. It  got  better  when  the  light  was  switched  on.  It  felt
more  secure  in  a  way’’.  No  13.
Most  of  the  patients  considered  the  lighting  levels  high
nough  for  them  to  feel  secure.
h
e
dM.  Engwall  et  al.
Despite  the  room  being  well-lit  some  patients  fell  easily
sleep  and  slept  well  during  the  day.  Some  described  that
hey  slept,  on  and  off;  the  light  was  not  disturbing;  staff
ere  around  them  and  they  felt  secure.
The  lighting  clarity  created  security by  lighting  up  the
urroundings.  Light  was  a  prerequisite  for  perceiving  the
urrounding  objects  in  the  room  in  a  realistic  way.  Fear  and
nxiety  could  occur  when  the  patients  were  unable  to  ori-
ntate  themselves  in  the  room.  The  lighting  levels  enabled
hem  to  see  and  identify  the  staff.  The  staff  played  an  impor-
ant  role  in  creating  calm  in  the  patients  and  being  able  to
ee  them  and  have  a  face  to  focus  on  was  comforting.  It
onﬁrmed  that  they  existed  and  that  someone  was  there
nd  able  to  help  them.  One  patient  expressed  this:
‘‘.  .  .security  were  more  about  seeing  the  staff. .  .’’.  No
19.
iscussion
eﬂections  on  the  ﬁndings
his  study  does  not  show  clearly  that  the  current  light  inter-
ention  affected  such  factors  as  maintenance  of  circadian
hythm  with  subsequent  beneﬁt  to  the  patient’s  recovery.
owever,  developing  knowledge  about  patient  experiences
f  light  environments  and  their  relation  to  circadian  rhythm
nd  health  is  an  important  starting  point.  The  present  study
hows  that  patients  could  think  about  and  assess  light  envi-
onments  despite  severe  illness  and  complex  treatments.
his  is  an  important  result.  Our  ﬁndings  indicate  a  cycled
ight  system  in  advantageous  and  that  people  continu-
usly  interact  with  their  surrounding  environment  (Olausson
t  al.,  2013;  Rashid,  2006).  Light  is  one  important  factor
n  this  and  our  ﬁndings  are  meaningful,  but  more  research
eeds  to  be  done.
The  results  from  the  questionnaire  showed  signiﬁcant
ifferences  in  favour  of  the  intervention  room  regarding
actor  for  brightness  in  daytime.  This  factor  comprised  the
djectives  light,  weak,  drab  and  brilliant.  According  to  pre-
ious  knowledge,  it  is  important  to  get  bright  light  in  the
orning  and  in  the  daytime  to  start  up  and  support  the  cir-
adian  rhythm.  Bright  light  in  the  morning  increases  human
lertness  and  mood,  by  suppressing  the  hormone  melatonin
highest  in  the  night)  and  increasing  cortisol,  the  hormone
f  alertness  (Chan  et  al.,  2012;  Fiigueiro  and  Rea,  2010).
hese  changes  in  hormone  activity  due  to  light  levels  are  one
mportant  part  of  the  circadian  rhythm  which  in  turn  sup-
orts  health.  Results  from  previous  measurements  of  light  in
he  intervention  room  reported  lux  values  as  615  between
 and  10  am  (Table  1, Engwall  et  al.,  2014).  Together  with
he  present  study’s  results  it  indicate  that  the  cycled  light-
ng  environment  better  support  patients’  circadian  rhythm
han  the  lighting  environment  in  the  ordinary  room.  In  this
oom  only  the  lighting  at  wall  normally  were  switched  on  in
aytime  and  here  the  lux  values  were  only  147.  Lightings  in
eiling  and  walls  reported  values  at  810  lx  (Table  2).  These
igh  values  of  light  were  normally  only  a  fact  when  special
xaminations  were  performed.
The  patients  in  the  ordinary  room  were  also  able  to
etect  differences  in  variations  of  the  lighting  distributions
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at  nighttime  (8—8.45  pm)  and  assessed  the  lighting  environ-
ment  as  more  varying.  The  factor  for  variation  comprised  the
adjectives  concentrated,  evenly  distributed  and  focused.
The  patients  may  be  identiﬁed  a  couple  of  different  light
sources  that  spread  the  light  in  a  shifting  way.  In  contrast
to  the  intervention  room  where  the  indirect  light  spread
the  light  more  uniformly,  as  here  shone  upwards  in  the
ceiling  and  on  the  wall.  A  smooth,  well  distributed  light-
ing  environment  without  parts  of  dark  shadows  and  glare
is  recommended  and  is  more  comfortable  for  individuals
(Canadian  Centre  for  Occupational  Health  and  Safety,  2014).
The  intervention  room  is  not  only  a  place  where  the
patient  can  rest  and  restore.  It  is  also  a  place  where  the  staff
should  be  able  to  work  and  the  light  levels  should  promote
writing  and  allow  assessment  of  patients’  conditions  and  be
able  to  read  and  watch  over  the  technological  equipment.
Patients  were  aware  of  this  situation  when  they  assessed  the
light  levels  at  night  as  a  compromise.  In  spite  of  impaired
health  condition  they  interacted  with  the  physical  environ-
ment  and  the  staff  and  were  able  to  prioritise  others’  needs
before  their  own.  One  way  to  overcome  competing  lighting
demands  is  to  include  patients,  staff  and  relatives  in  the
design  procedure  (Perkins,  2013).
Most  patients  reported  that  their  sleep  was  worse  in
the  ICU  than  at  home.  This  corresponds  with  previous
research  (Little  et  al.,  2012)  where  light  was  one  of  ﬁve
most  frequently  cited  reasons  for  sleep  deprivation.  These
researchers  proposed  nocturnal  modiﬁcation  such  as  dim
light  that  can  be  compared  with  our  cycled  lighting  inter-
vention.
Nine  interviewees  reported  disrupted  circadian  rhythm.
This  is  also  well-known  from  previous  research  (Verceles
et  al.,  2012).  Eight  of  these  nine  patients  also  reported
nightmares  or  visions  and  seven  slept  badly  and  were
mechanically  ventilated.  Sleep  disorders,  nightmares  and
disrupted  circadian  rhythm  are  present  in  patients  with
ICU  delirium  and  previous  research  shows  that  60—80%
of  mechanically  ventilated  patients  and  20—55%  of  non-
ventilated  ICU  patients  with  experiences  from  delirium
(Pisani  et  al.,  2009;  Thomason  et  al.,  2005).
Patients’  inner  clocks  were  perceived  as  being  incon-
sistent  with  clock  time,  a  known  effect  of  light  exposure
between  midnight  and  dawn  in  mammals  (Hut  et  al.,  1999),
as  it  turns  the  inner  clock  backwards.  Earlier  research  shows
that  brighter  light  affects  the  inner  clock  more  than  dim
light  (Duffy  et  al.,  1996).  Some  patients  in  the  present  study
reported  very  disturbed  inner  circadian  rhythms  as  well  as
light  exposure  at  various  points  through  the  night.  The  light-
ing  levels  also,  however  had  a  comforting  effect  on  the
patients  in  the  night  as  they  could  see  and  relate  to  staff.
This  ﬁnding  is  in  agreement  with  studies  in  an  emergency
ward  where  patients  said  that  seeing  the  nurse  entering  the
room  increased  their  sense  of  safety  and  security  (Shattell
et  al.,  2005).
The  cycled  lighting  environment  based  on  scientiﬁc
research  concerning  light,  circadian  rhythm  and  health  was
reported  as  pleasant  by  16/17  interviewed.  From  a  caring
perspective  it  is  important  to  reﬂect  on  patients’  individ-
ual  experiences.  It  is  important  with  a  balance  between
supporting  the  circadian  rhythm  by  lighting  and  making
patients  feel  safe  and  comfortable.  The  most  positive  way  of
designing  a  lighting  environment  might  be  to  allow  patients
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o  decide  individually  about  in  the  lighting  environment
o  meet  their  requirements  (Thompson  et  al.,  2012).  The
atient  is  in  many  ways  the  caring  expert  and  it  is  very
mportant  that  their  preferences  should  guide  the  caring
rocess  (Coulter  et  al.,  2008).  It  is  also  possible  that  dif-
erent  diseases  and  health  conditions  may  require  differing
ight  environments.  In  the  future,  the  ability  to  individu-
lise  an  environmental  lighting  protocol  to  meet  the  needs
f  each  patient  would  be  ideal  in  creating  a more  healing
nvironment  in  the  ICU.
Knowledge  about  patients’  perceptions  and  experiences
f  light  environments,  together  with  physical  measurements
f  lighting  and  daylight’s  role  in  establishing  the  circadian
hythm  are  considered  useful  for  future  research.
ritical  reﬂections
wo  different  methodological  approaches  were  used.  The
uestionnaire  has  been  used  in  previous  studies  but  is  not
esigned  speciﬁcally  for  ICU  environments.  The  17  ques-
ions  were  relatively  easy  to  complete  but  patient  fatigue
nd  reduced  ability  to  concentrate  could  be  a  weakness.
owever,  many  patients  completed  the  questionnaire  by
hemselves  or  asked  the  researcher  for  supplementary  infor-
ation.  Most  of  the  patients  were  tired  and  exhausted  which
recluded  open-ended  interviews.  An  interview  guide  with
hort  and  simple  questions  (Kvale  and  Brinkmann,  2009)  was
sed  as  more  suited  to  the  patients’  condition  and  ability  to
arrate  their  experiences.  One  patient  was  able  to  narrate
pontaneously  without  support  from  the  interview  guide.  In
ther  cases  the  questionnaire  worked  well  in  relation  for
ts  purpose.  Content  analysis  was  found  useful  for  analysing
elatively  short  transcriptions.
Some  patients  used  the  interviews  as  a  chance  to  voice
heir  ICU  experiences  in  general.  Interviews  may  have  a
upporting  function  in  providing  the  patients  with  the  oppor-
unity  to  have  somebody  listen  who  is  familiar  with  ICU
are  and  thus  able  to  understand  (Nordentoft  and  Kappel,
011).  The  interviewer  (ME)  is  experienced  in  prehospital
nd  critical  care  and  the  other  researchers,  apart  from  being
xperienced  in  intensive  care,  are  also  familiar  with  ICU
esearch.  Interviews  allow  follow-up  questions  to  be  asked,
iving  a  deeper  and  clearer  understanding.  Today’s  seda-
ion  practices  have  moved  from  a  deeper  towards  a  lighter
edation  regimen.  This  is  something  to  consider  as  patients
re  more  awake  and  thus  sensitive  to  the  surrounding  space
Egerod  et  al.,  2013).
Allocation  of  patients  to  the  two  rooms  was  sometimes
etermined  by  their  special  needs  in  the  ICU.  However,  no
igniﬁcant  differences  between  the  two  groups  were  found
n  relation  to  sex,  age,  use  of  respirator  and  SAPS.  This  made
t  possible  to  compare  the  two  patient  groups’  experiences
f  light.
The  participants  represented  various  ages,  had  severe
ifferent  diseases  or  traumas  and  had  undergone  individual
reatments  involving  the  use  of  potent  drugs.  Extra  pro-
ection  was  given,  in  terms  of  a  sensitive  approach  and
ollaboration  with  staff  and  next  of  kin,  when  planning
nd  collecting  the  data  because  of  the  patients’  vulnera-
ility  and  the  increased  risk  of  personal  harm  (Liamputtong,
007).  The  most  critically  ill  patients  could  not  be  included
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n  the  study  as  they  were  unable  to  cooperate.  They  were
ncluded  in  the  exclusion  group  and  had  signiﬁcantly  higher
APS  values  and  mechanical  ventilator  use  (Table  3).  Unfor-
unately  this  group’s  experiences  were  missed.  The  research
roup  had  joint  discussions  concerning  the  analysis.  The
uotations  in  the  result  section  are  an  expression  of  the
uthenticity  of  the  participants’  statements  and  the  context
Elo  and  Kyngäs,  2008).
onclusions
any  of  the  patients  in  the  ICU  had  experiences  of  sleep
isorders  and  disrupted  circadian  rhythms.  A  cycled  light-
ng  system  that  copied  the  natural  light  was  considered
mportant  and  was  assessed  as  pleasant  and  together
ith  daylight,  supported  for  the  circadian  rhythm.  Most
atients  were  aware  of  and  able  to  assess  light  environ-
ents  even  if  they  had  experiences  from  critical  illness  and
reatments.  Appropriate  lighting  levels  in  the  environment
elped  patients  and  staff  to  connect  to  each  other,  which
ngendered  feelings  of  calm  and  security.
cknowledgements
hanks  to  Fagerhults  Lighting  AB  for  constructing  and
nstalling  the  cycled  lighted  system,  Annelie  Ryberg,
nna-Karin  Windell  and  Ewa  Lagerström  for  excellent  help
ith  the  data  collection,  Göran  Jutengren  for  important
uidance  regarding  statistics  and  Pat  Shrimpton  for  the
anguage  review.
Funding
The  authors  have  no  sources  of  funding  to  declare.
Conﬂict  of  interest  statement
The  authors  have  no  conﬂict  of  interest  to  declare.
Ethical  statement
None.
eferences
enedetti F, Colombo C, Barbini B, Campori E, Smeraldi E. Morning
sunlight reduces length of hospitalization in bipolar depression.
J Affect Disord 2001;62:221—3.
enloucif S, Guico MJ, Reid KJ, Wolfe LF, L’Hermite-Balériaux M,
Zee PC. Stability of melatonin and temperature as circadian
phase markers and their relation to sleep times in humans. J
Biol Rhythms 2005;20:178—88.
anadian Centre for Occupational Health and Safety. Lighting
ergonomics — survey and solutions; 2014, http://www.ccohs.ca/
oshanswers/ergonomics/lighting survey.html#light [accessed
28.04.15].
han MC, Spieth PM, Quinn K, Parotto M, Zhang H, Slutsky AS. Circa-
dian rhythms: from basic mechanisms to the intensive care unit.
Crit Care Med 2012;40:246—53.
oulter A, Parsons S, Askham J. Where are the patients in decision-
making about their own care? Health systems health and wealth.
Copenhagen: World Health Organization; 2008, http://www.
who.int/management/general/decisionmaking/WhereAre
PatientsinDecisionMaking.pdf [accessed 28.02.15].
KM.  Engwall  et  al.
ennis CM, Lee R, Woodard EK, Szalaj JJ, Walker CA. Beneﬁts of
quiet time for neuro-intensive care patients. J Neurosci Nurs
2010;42:217—24.
ijk D-J, Archer SN. Light, sleep, and circadian rhythms: together
again. PLoS Biol 2009;7:e1000145.
uffy JF, Boivin DB, Kronauer RE, Czeisler CA. Dose—response rela-
tionships for resetting of human circadian clock by light. Nature
1996;379:540—2.
uffy JF, Wright JKP. Entrainment of the human circadian system by
light. J Biol Rhythms 2005;20:326—38.
unn H, Anderson MA, Hill PD. Nighttime lighting in intensive care
units. Crit Care Nurs 2010;30:31—7.
gerod I, Albarran JW, Ring M, Blackwood B. Sedation practice in
Nordic and non-Nordic ICUs: a European survey. Nurs Crit Care
2013;18:166—75.
lliott R, McKinley S, Cistulli P, Fien M. Characterisation of sleep in
intensive care using 24-hour polysomnography: an observational
study. Crit Care 2013;17, R46-R.
lo S, Kyngäs H. The qualitative content analysis process. J Adv Nurs
2008;62:107—15.
ngwall M, Fridh I, Bergbom I, Lindahl B. Let there be light
and darkness: ﬁndings from a prestudy concerning cycled light
in the intensive care unit environment. Crit Care Nurs Q
2014;37:273—98.
igueiro MG, Rea MS. The effects of red and blue lights on
circadian variations in cortisol, alpha amylase, and mela-
tonin. In J Endocrinol 2010;2010:9, http://dx.doi.org/10.1155/
2010/829351, Article ID 829351.
risk U, Olsson J, Nylen P, Hahn RG. Low melatonin excretion during
mechanical ventilation in the intensive care unit. Clin Sci (Lond)
2004;107:47—53.
aggioni G, Maquet P, Schmidt C, Dijk D-J, Vandewalle G. Neu-
roimaging, cognition, light and circadian rhythms. Front Syst
Neurosci 2014;8:126.
ehlbach BK, Chapotot F, Leproult R, Whitmore H, Poston J,
Pohlman M, et al. Temporal disorganization of circadian
rhythmicity and sleep—wake regulation in mechanically venti-
lated patients receiving continuous intravenous sedation. Sleep
2012;35:1105.
ermain A, Kupfer DJ. Circadian rhythm disturbances in depression.
Hum Psychopharmacol 2008;23:571—85.
irard TD, Pandharipande PP, Ely EW. Delirium in the intensive care
unit. Crit Care 2008;12(Suppl. 3):3-S.
enderson VA. Deﬁnition and its implications for practice, research,
and education. New York: Macmillan Publishing; 1966.
sieh H-F, Shannon SE. Three approaches to qualitative content
analysis. Qual Health Res 2005;15:1277—88.
ut RA, van Oort BEH, Daan S. Natural entrainment without dawn
and dusk: the case of the European ground squirrel (Sper-
mophilus citellus). J Biol Rhythms 1999;14:290—9.
ohansson L, Bergbom I, Waye K, Ryherd E, Lindahl B. The sound
environment in an ICU patient room — a content analysis of
sound levels and patient experiences. Intensive Crit Care Nurs
2012;28:269—79.
amdar BB, Needham DM, Collop NA. Sleep deprivation in critical
illness: its role in physical and psychological recovery. J Intensive
Care Med 2012;27:97—111.
rippendorff K. Content analysis: an introduction to its methodol-
ogy. Thousand Oaks, CA: Sage; 2004.
vale S, Brinkmann S. Interviews: learning the craft of qualitative
research interviewing. Los Angeles: Sage Publications; 2009.
üller R, Laike T. The impact of ﬂicker from ﬂuorescent lighting on
well-being, performance and physiological arousal. Ergonomics
1998;41:433—47.
üller R, Wetterberg L. The impact of two types of ﬂuorescent light
tubes and two light intensities on melatonin, cortisol, EEG, ECG,
and subjective comfort, in healthy humans. Light Res Technol
1993;25:71—81.
in  th
P
P
R
S
S
T
T
V
V
World Medical Association. Declaration of Helsinki — ethical
principles for medical research involving human subjects; 2013,Lighting,  sleep  and  circadian  rhythm:  An  intervention  study  
LeGates T, Fernandez D, Hattar S. Light as a central modula-
tor of circadian rhythms, sleep and affect. Nat Rev Neurosci
2014;15:443—54.
Liamputtong P. Researching the vulnerable: a guide to sensitive
research methods. Thousand Oaks, CA; London: SAGE; 2007.
Little A, Ethier C, Ayas N, Thanachayanont T, Jiang D, Mehta S.
A patient survey of sleep quality in the Intensive Care Unit.
Minerva Anestesiol 2012;78:406—14.
Lockley SW, Brainard GC, Czeisler CA. High sensitivity of the human
circadian melatonin rhythm to resetting by short wavelength
light. J Clin Endocrinol Metab 2003;88:4502—5.
Maestroni GJM. The immunotherapeutic potential of melatonin.
Expert Opin Investig Drugs 2001;10:467—76.
Mason RS, Sequeira VB, Gordon-thomson C. Vitamin D: the light side
of sunshine. Eur J Clin Nutr 2011;65:986—93.
McKinley S, Nagy S, Stein-Parbury J, Bramwell M, Hudson J. Vul-
nerability and security in seriously ill patients in intensive care.
Intensive Crit Care Nurs 2002;18:27—36.
Meriläinen M, Kyngäs H, Ala-Kokko T. 24-hour intensive care: an
observational study of an environment and events. Intensive Crit
Care Nurs 2010;26:246—53.
Morag I, Ohlsson A. Cycled light in the intensive care unit for
preterm and low birth weight infants. Cochrane Database Syst
Rev 2011:CD006982.
Nightingale F. Notes on nursing: what it is, and what it is not. Lon-
don: Harrison; 1912.
Nordentoft H, Kappel N. Vulnerable participants in health research:
methodological and ethical challenges. J Soc Work Pract
2011;25:365—76.
Olausson S, Lindahl B, Ekebergh M. A phenomenological study of
experiences of being cared for in a critical care setting: the
meanings of the patient room as a place of care. Intensive Crit
Care Nurs 2013;29:234—43.
Perkins NH. Including patients, staff and visitors in the design
of the psychiatric milieu: notes from the ﬁeld. Facilities
2013;31:379—90.e  ICU  335
erras B, Meier M, Dodt C. Light and darkness fail to regulate
melatonin release in critically ill humans. Intensive Care Med
2007;33:1954—8.
isani MA, Murphy TE, Araujo KL, Slattum P, Van Ness PH, Inouye
SK. Benzodiazepine and opioid use and the duration of inten-
sive care unit delirium in an older population. Crit Care Med
2009;37:177—83.
ashid M. A decade of adult intensive care unit design: a study of
the physical design features of the best-practice examples. Crit
Care Nurs Q 2006;29:282—311.
aper CB, Lu J, Chou TC, Gooley J. The hypothalamic integrator for
circadian rhythms. Trends Neurosci 2004;28:152—7.
hattell M, Hogan B, Thomas SP. It’s the people that make the
environment good or bad: the patient’s experience of the
acute care hospital environment. AACN Clin Issues 2005;16:
159—69.
homason JWW, Shintani A, Peterson JF, Pun BT, Jackson JC, Ely
EW. Intensive care unit delirium is an independent predictor of
longer hospital stay: a prospective analysis of 261 non-ventilated
patients. Criti Care 2005;9:R375—81.
hompson DR, Hamilton DK, Cadenhead CD, Swoboda SM, Schwindel
SM, Anderson DC. Guidelines for intensive care unit design. Crit
Care Med 2012;40:1586—600.
eitch JA, van den Beld G, Brainhard G, Roberts JE. Ocular light-
ing effects on human physiology and behaviour. CIE Publication;
2004. p. 158.
erceles AC, Silhan L, Terrin M, Netzer G, Shanholtz C, Scharf SM.
Circadian rhythm disruption in severe sepsis: the effect of ambi-
ent light on urinary 6-sulfatoxymelatonin secretion. Intensive
Care Med 2012;38:804—10.http://www.wma.net/en/30publications/30ethicsmanual/pdf/
ethics manual en.pdf [accessed 28.02.15].
